Various color histogram equalization (CHE) methods have been proposed to extend grayscale histogram equalization (GHE) for color images. In this paper a new method called "histogram diffusion" that extends the GHE method to arbitrary dimensions is proposed. Ranges in a histogram are specified as overlapping bars of uniform heights and variable widths which are proportional to their frequencies. This diagram is called the "vistogram." As an alternative approach to GHE, the squared error of the vistogram from the uniform distribution is minimized. Each bar in the vistogram is approximated by a Gaussian function. Gaussian particles in the vistoram diffuse as a nonlinear autonomous system of ordinary differential equations. CHE results of color images showed that the approach is effective.
INTRODUCTION
A rapid transition from grayscale to color images has been undergone in the last three decades. There has been an explosion of color algorithms that ranges from direct extensions of grayscale methods to more sophisticated techniques which exploit correlations among color bands. The grayscale histogram equalization (GHE) is one of the simplest and most effective methods for contrast enhancement in many image-processing applications [1] [2] . The method is useful in processing images with backgrounds and foregrounds that both are bright or dark. For example, GHE of the Lena image is shown Figure 1 . The contrast of the equalized image shown in Figure 1 (b) is enhanced conspicuously. The histogram equalization technique are useful in alleviating the photometric disparity of different images from the same scene, e.g., in stereopsis.
The extending of GHE to color images, i.e., color histogram equalization (CHE), is not simple. [11] . However, to sustain the continuity of mapping the method required special care to the scale parameter, which could be difficult to accomplish.
The aims of the research are two-fold: i) to establish a new concept of histogram diffusion which is dynamically and numerically stable, and ii) to apply the method to image enhancement, i.e., CHE. The histogram of any dimension is approximated by a MIG and thus provides the smooth probability density function. The disparity between the MIG and the target distribution function in terms of the squared error provides a potential energy function for the histogram diffusion, which has to be minimized. Adding kinetic energy of Gaussian particles, the histogram diffusion process is formulated as a nonlinear autonomous system of ordinary differential equations (ODEs) [16] . The proximity of Gaussian particles reduces the computational time in a linear order fashion. Examples of color histogram diffusion demonstrate its effectiveness in CHE. , is shown in Figure 2 To understand the GHE method and the concept of vistogram the centralized GHE method is introduced. For a given histogram represented by probability
Application of the centralized GHE method to the histogram in Figure 2 
The histogram equalization, therefore, can be achieved by removal and minimization of overlapping and vacant areas of the corresponding vistogram.
Minimizing the squared error of vistogram provides an alternative to GHE and can be extended to CHE. In fact, (0) is a minimizer of the squared errors. However, it does not guarantee the continuity of transformation. This is the result of heavy overlap of bars in the vistogram because the squared error has plateaus in some places. To avoid these anomalies a scaled smoothed version of vistogram is diffused (Figure 3 ).
To construct a scaled vistogram in three dimensions a scale parameter s \ , which is embedded into each hypercylinder of the vistogram, is chosen. This procedure adjusts the height and base volume of each four-dimensional hypercylinder, while its mass is preserved. Let ( , ) 
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The Euler-Lagrange formulation provides equation of motion for the histogram diffusion: 
EXPERIMENTAL RESULTS
The histogram diffusion method provides almost the same mapping of the centralized GHE (0) as shown in Figure 5 The error of 1D histogram diffusion from conventional GHE is calculated as the difference between the exact solution x (0) and an actual solution x that is obtained by minimization of (0). However, the solution x cannot be obtained explicitly and, therefore, the true error cannot be calculated directly. Newton's method is used to estimate the standard error, but it does not provide a satisfactory estimate.
The canonical configuration of a 1D histogram is shown in Figure 4 
CONCLUSION
Histogram diffusion is developed and extends the GHE method to multi-dimension. As an alternative GHE the squared error of vistogram from the uniform distribution is minimized. To acquire smoothness, convexity and simplicity in mathematical formulation, all bars in the vistogram are approximated with Gaussian functions. As a result, the vistogram is approximated with a MIG. The histogram diffusion process is formulated as a nonlinear autonomous system of ODEs.
Results of histogram equalization for color images show the effectiveness of the histogram diffusion method. 1D histogram diffusion provides a solution which is nearly identical to conventional GHE and preserves the order of occurrences. Numerical error analysis of GHE and the histogram diffusion method with their canonical configurations shows the mean absolute error | 1%. Results of histogram equalization of color images present uniform histograms and guarantee a greater variety of colors compared to original images.
